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Abstract 
The OH(A-X) fluorescence from photodissociative excitation 
of H02 by F2 laser photons (157.5 nm) was observed and compared 
w i t h  the OH fluorescence spectra of H202 and the 02+CH30H 
mixture. The rotational population distributions of OH(A) were 
obtained from the fluorescence spectra. The most populated 
levels are J = 4  for photodissociative excitation of H02, J=20 for 
H202, and. J=21 for the 02+CH30H mixture. The fluorescence from 
the gas mixture is attributed to the O+H recombination for which 
the atoms are produced from photodissociation of parent 
molecules. 
(NASA-CR-181580) OH ( A - X )  FLUORESCENCE FBOM N88- 134 29 
P H O T O D I S S O C I A T I V E  E X C I T A T I O N  OF 802 A T  157, S 
nm ISan Dieqo State n n i v . )  19 p A v a i l :  
NTIS HC A03/HF A01 C S C L  370 Unclas 
G3/25 0114113 
i t  Present address: Department of Chemistry, University of 
Houston, University Park, Houston, TX 77004 
f f  Also, Department of Chemistry, San Diego State University 
https://ntrs.nasa.gov/search.jsp?R=19880004047 2020-03-20T09:23:21+00:00Z
I. Introduction 
H02 is important in the study of atmospheric and combuetion 
Chemietry. Optical detection method le interested for monitoring 
H02 in varioue environmente. It ie demonetrated that H02 can be 
detected by photofragment emissions.1-4 Excitation of HO2 at 193 
and 248 nm produces 0(1D), which then transfers energy to 02 to 
produce the 02 ( b  - ->  a) emission.1 Photoexcitation of H02 at 
121.6, 123.6 and 147 nm produces the OH(A-X) fluorescence.2p3 
Thie OH fluorescence has been used a8 a meane to detect H02 for 
kinetic measurements. 4 
In the early the OH fluorescence intensity 
produced by a atomic resonance line was too weak to be dispersed. 
In this experiment, F2 laser at 157.5 nm wae used as a light: 
source. The fluorescence intensity is so strong that it can be 
dispersed. The OH(A-X) fluorescence spectrum from H02 wae 
compared with that of H202 observed in the same experiment. 
Their fluorescence spectra are so different that these two 
moleculee can be dietinctly detected by their photofragment 
emissione. 
The H02 radicals were produced by either t h e  three-body 
recombination process, 
+M 
H + 02 - -> H02 
or by the sequential reactions, 
C1 + CH30H - -> CH2OH + HC1 
CH20H + 02 - ->  H02 + CH20 
(2) 
(3) 
2 
During the study of using the sequential reactions as the 
H02 source, it was found that additional OH fluorescence was 
produced from the laser excitation of the 02 + CH30H mixture 
alone (without H02). The fluorescence is produced from the O+H 
recombination, where the atoms are produced from 
photodissociation of 02 and CH30H. The observation of this 
emission system is also reported in this paper. 
11. ExDeriment 
The experiment for the production of H02 by reaction (1) has 
been described in detail in previous papers.1'2 In brief, the H 
atom was produced by microwave discharge of a trace H2 in He. 02 
was added to the H/H2/He flow to form H02 in the flow tube. H02 
was irradiated by laser beam in the central region of gas cell in 
a direction perpendicular to the flow tube. The second method 
for the production of H02 by reactions (2) and (3) was a160 
described in previous papers.aP4 The C1 atom was produced by 
microwave discharge of a trace C12 in He. C1 reacted with CH30H 
and then 02 to form H02 in the flow tube. 
The laser intensity was monitored by a copper diode. 
Fluorescence was dispersed by a 0.25-m monochromator (Acton) and 
detected by a cooled photomultiplier tube (PMT EM1 9558 QB). The 
signal from the PMT was processed simultaneously by a gated 
photon counting system (EGPG ORTEC) and a boxcar integrator 
( E G & G ,  PAR162). The gates were opened for a period of 4 after 
each laser pulse. The laser was operated at a repetition rate of 
20 Hz and a pulse duration of 6 ns. The fluorescence spectra 
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were a180 monitored by a gated optical multichannel analyzer 
( E G I G ,  FAR, OMA 111). Spectra taken by these different 
instruments are all similar. 
111. Results and Discussion 
A. Fluorescence Spectra 
A typical spectrum obtained from photoexcltatlon of H02 is 
shown in Fig. la, where H02 was produced by reaction (1). The 
fluorescence spectrum is Identified as the OH(A, v'=O - -> X, 
v"=O) system. The fluorescence intensity was measured as a 
function of [HI, C021, and reaction time, for which the reeults 
are very similar to those described in the previous paper.2 The 
fluorescence intensity depends linearly on the laser intensity 
(see Fig. 21, indicating that the fluorescence is produced by a 
single photon dissociative process. 
H202 could be produced from the H02+H02 reaction in the flow 
tube, when CH021 is high. Photodissociation of H202 at 
excitation wavelengths shorter than 172 nm will yield the OH(A-X) 
emission. 5 The cross section for the production of OH 
fluorescence from H202 is 9.2~10-l9 Gm2 at 157.5 nm.5 The 
possible interference of the observed fluorescence by 
fluorescence from H202 has been discussed in a previous paper.3 
It was concluded that the interference is not significant in the 
current discharge-flow-tube s y s t e m . 3  Nevertheless, a check of 
this assertion by comparing the fluorescence spectra of these two 
chemical species is of interest. 
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The OH spectrum obtained from photoexcitation of H202 at 
157.5 nm in the presence of additive gasses (He, 02, and H2) is 
shown in Fig. lb, where the additive gases were kept at the same 
partial pressures as those used in the €I02 experiment so that the 
possible quenching effect of additive gases on the fluorescence 
spectrum is the same for both cases. The spectral envelopes of 
the OH emission spectra observed at various partial additive gas 
pressures were essentially the same, although the fluorescence 
intensity was reduced by the additive gases. As shown in Figs. 
la and lb, the OH fluoreecence spectral envelope of H02 is 
different from that of H202. The fluorescence spectra are used 
to derive rotational populations as discussed in the next 
sect ion. 
H02 was also produced by the reactions (2) and (3) in this 
experiment. When the mixture of HO2 with 02, CH30H, C12, HC1, 
and He was irradiated by F2 laser photons, a fluorescence 
spectrum similar to Fig. lb was observed. This spectrum is 
different from Fig. la that is expected for H02. The spectral 
shape varies with gas concentration and laser flux. Later, it 
was found that laser irradiation of the 02+CH30H gas mixture 
alone produces a fluorescence spectrum as shown in Fig. IC. 
Similar spectra were also observed from laser irradiation of the 
gas mixtures of HC1+02 and H20+02. These results suggest that 
the fluorescence is produced by the O+H recombination. The 0 
atom is produced from photodissociation of 02 by the process, 
02 + hv --> O(lD) + O(3P) ( 4 )  
5 
The At 157.5 nm, the quantum yield for this process le about 1. 
H atom is produced from photodissociation of C H a O H ,  H C 1 ,  or H 2 0 .  
Theee molecules have high photoabsorption cross sections ai. 157.5 
nm. 7-9 
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The aesertion that Fig. IC reeulte from the O + H  
recombination is further examined by the dependence of 
fluorescence intensity on laser flux as shown in Fig. 2a. Since 
C O I  or C H I  is linearly dependent on laeer flux, the fluorescence 
Intensity, which I s  proportional to COI C H I ,  depends on the 
square of laser energy, 12. A s  shown in Fig. 2a, the intensities 
for both the first peak at 310 nm and the second peak at 315 nm 
can be fit by In with n=2. This square power dependence supports 
the assertion that the fluorescence is produced by the atomic 
recombination. 
When H 0 2  is produced by reactions ( 2 )  and (31, It always 
mixes with 02 and C H 3 0 H .  More fluorescence signal was observed 
when the microwave discharge of C12/He was turned on, indicating 
that additional fluoreecence wae produced from the H 0 2  
photolysis. Since both the H O 2  photolysle and the O + H  
recornbination contribute to fluorescence, the fluorescence 
intensity is proportional to a1 + b12, where a and b depend on 
the concentrations of H 0 2 ,  02, and C H 3 0 H .  Since the H 0 2  
photolysis produces a high fluorescence intensity at the first 
band (310 nm, see Fig. l(a), the laser power dependence of this 
band intensity will be close to In with nzl. On the other hand, 
the H02 fluorescence ha8 a small intensity at the second band 
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(315 nm) so that nz2. This expectation is consistent with the 
data as shown in Fig. 2b, where n=l.2 for the first band and 
n=1.7 for the second band. 
The laser flux dependence of the fluorescence intensity from 
H02 photolysis is also shown in Fig. 2b for comparieon, where H02 
wae produced from reaction (1). The n value le 1.05, indicating 
that the fluorescence is produced by a single-photon process. 
The partial contribution from the O+H recombination makes the n 
value slightly higher than 1. Since small amount of H20 exists 
in the H/H2/02 system2, photodiaaocia~ion of H20 and 02 will 
produce the OH fluorescence by the recombination process. 
B. Rotational Populations 
A numerical model has been developed to simulate the 
OH(A,v'=O-X, v"=O) rovibrational spectra in the 300-340 nm 
region. Hunds case b was assumed, and discrete emission lines 
were calculated for all 12 branches. Wavelengths were calculated 
using the upper and lower energy levels taken from Dieke and 
Crosswitetlo line intensitiee were obtained ueing Einstein A 
coefficients as reported by Dimpfl and Kinsey.ll The calculated 
lines were then broadened using a simulated slit with consisting 
of a simple triangular function with variable width (0.3-1.2 nm). 
Rotational populations of the OH(A) state were aesumed to be non- 
thermal and non-Boltzmann in distribution, and were determined by 
the simulation as discussed below. 
The resulting broadened spectral lines formed a spectral 
envelope that could be compared to the observed data shown in 
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Fig. 1 by a simple reduced chi-squared function. A non-linear, 
least squares minlmization routine was developed from an 
algorithm discussed by Bevington.12 This minimization routine 
was applied to the chi-equared fits of eynthetic and actual 
epectra to obtain relative rotational populations of the OH(A, 
v’=O) state. 
The rotational dietribution of OH(A) from the H202 
photolysis at 157.5 nm has been studied by Golzenleuchter et 
a1.13 They reported non-thermal rotational distribution with a 
maximum population at N’=21 level. Thie study serves as a 
reference for the current eimulation; thus, we etarted the 
synthetic calculation with the OH fluorescence from H202 
photolyels a6 shown in Fig. lb. The least squares fit synthetic 
spectrum at a simulated resolution of 0.6 nm (width at half- 
height of triangular function) is shown in Fig. lb to compare 
with the fluorescence spectrum which was taken at a monochromator 
resolution of 0.4 nm. (The difference between the simulated 
reeolution and the monochromator reeolution may be caueed by the 
slit functione being different). The fitted spectrum was created 
by allowing the rotational population of OH(A) varying in the 
range of 0-27 levels. As can be seen, the fitted and actual 
spectra agree quite closely, particularly with regard to the 
overall shape. The relative rotational population distribution 
of the OH(A, v’=O) state obtained from fitting the data of Fig. 
lb is shown in Fig. 3 (triangle). The current population cloeely 
resembles the result of Golzenleuchter et a l . 1 3  who analyzed the 
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I22 and P2 branches with a maximum population at rotational level 
21 and no population above level 26. The result of 
Golzenleuchter et al.13 showed that about 97% of the observed OH 
emission arisee from the v'=O vibrational level. The result 
from our extended model simulation that includes the v'=l level 
agrees with the earlier reeult. The rovibrational OH emission 
spectra produced from photodissociative excitation of H202 can be 
well modeled by assuming that the v'=O to v"=O transition 
dominates. Thie agreement also indicates that the fluoreecence 
epectrum is not affected by the additive gaees used in the 
current experiment. 
Using the same fitting procedure, the synthetic epectrum was 
calculated to compare with the OH fluorescence spectrum produced 
from photolysis of H02 ae shown in Fig. la. The fitted synthetic 
spectrum shown in Fig. la was obtained at a simulated slit width 
of 1.0 nm (again thie is higher than the monochromator resolution 
of 0.6 nm). The intensity of the observed OH fluorescence was 
low and thue eomewhat noiey; therefore, no attempt wae made to 
fit any of the finer structural features. A s  can be readily seen 
from Fig. la, the fit of the overall peak envelope is good for 
wavelengths to the blue side of about 312 nm and increasingly 
poor towards the red end. The fitted spectrum wae restricted to 
include contribution from only the lower 16 rotational levels as 
there is a constraint of available energy for the rotational 
population. The available energy for photodissociation of H02 at 
157.5 nm into OH(A, v'=O) + 0 (3P) is 0.89  eV and that of H202 
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into OH(A, v'=O) + OH(X) is 1.64 eV, as calculated from the 
electronic energy of OH(A, v'=O) = 4.017 eVI4 and the heats of 
formation15 of 2.09, 38.987, 249.17 and -136.106 kj/mol for HO2, 
OH, 0, and H202, respectively. The available energy I s  
sufficient to populate the rotational level up to J=28 for OH(A, 
v'=O) from photolysis of H202, and J=20 for that of HO2. Since 
the rotational populations at J526 for H202 (see Fig. 3), it is 
assumed, in analogy, that Js16 for H02. The rotational 
distribution for the synthetic spectrum of Fig la is shown in 
Fig.3 (circle). The population has a maximum at J=4, which is 
significantly lower than that of H202. 
For the second band (315 nm), the intensity of the observed 
spectrum is higher than that of the synthetic spectrum. The 
additional observed signal may indicate that there is a 
contribution from the O+H recombination which has a large 
intensity at the second band. The dependence of fluorescence 
intensity on laser flux also indicates this contribution ae 
discussed before. 
The comparison of the synthetic spectrum with the 
fluorescence spectrum of the 02 + CH30H mixture is shown in Fig. 
IC. The population corresponding to the synthetic spectrum is 
shown in Fig. 3 (square). The overall shape of the emission 
envelope is fairly well modeled by the fitted and smoothed 
population distribution, except for the sharp feature at - 312 nm 
which is not well modeled and may arise from the OH(A, v'=l - ->  
X, v"=l) transition. The fitted population distribution exhibits 
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a maximum at rotational level 21 as might be expected from the 
eimllarity in the shapes of the spectral envelope8 of Fige. lb 
and IC. The OH (A, v’=O) populatione arising from the H+O 
reaction or from the H202 photoexcitation have a eimllar non- 
Boltzmann rotational distribution. 
The OH(A2C+) state could be produced from the recombination 
of O(lD) + H(2S) which is correlated16 with the A state, and/or 
from the recombination of 0(3P)+H(2S) through the 4C’ 
state. 17-20 Both O(1D) and O(3P) are produced by photo- 
dissociation6 of 02 by the process ( 4 )  with a kinetic energy of 
0.39 eV for each atom. This kinetic energy is sufficient for the 
recombination of O(3P) + H(2S) through the v = 2  level of the OH(A) 
etate. The populations in high vibrational levels that are 
possibly produced by the O(ID) + H(2S) recombination are largely 
predissociated by the 4 Z -  state.17-20 Thus, only emission from 
the v=O and 1 vibrational levels are mostly observed. The 
rotational levels higher than 5=27 are strongly predissociated.19 
The rotational population distribution shown In Fig. 3 is 
consletent within these phyeical constrainte. 
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Conclueion 
The OH(A-X) fluorescence spectra produced from photolysis of 
H02, H202, and the 02 + CH30H mixture at 157.5 nm were obeerved 
and ueed to derive the rotational distributions of OH (A, v'=O). 
The OH(A, v ' = O )  produced from phOtolyei6 of H02 is populated in 
the rotational levels much lower than that of H202. This reeult 
suggests that H02 and H202 can be distinctly detected by the 
different OH fluorescence spectra. 
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Fiaure Captions 
Fig. 1. OH(A-X) fluorescence spectra ( -  1 and synthetic 
spectra (---I. (a) Fluorescence from laser photolysls 
of H02 taken at a monochromator resolution of 0.6 nm. 
H02 was produced by a microwave discharge of 3 mtorr H2 
in 8.5 torr He which then reacted with 50 mtorr 02 
added downstream for a reaction time of 0.28 sec. (b) 
Laser photolysis of H202 taken at 0.4 nm resolution. 
Gases were added to flow tube to keep the experimental 
condition to be the same as (a), except that the 
microwave discharge was turned off. (c) Laser 
photolysis of the 02/CH30H/He gas mixture with partial 
pressures of 20/3/3000 mtorr, respectively. The 
spectrum was taken at a monochromator resolution of 0.8 
nm. 
Fig. 2. Dependence of fluorescence intensity (If) on laser flux 
(I). The data were fitted by If oc In. (a) 
Fluorescence from laser photolyels of the 02+CH30H 
mixture measured at the band peaks of 310 and 315 nm. 
The partial pressures of 02/CH30H/He were 20/5/500 
mtorr. (b) Fluorescence from laser photolysis of the 
H02+02+CH30H gas mixture. H02 was produced by a 
microwave discharge of 3 mtorr C12 in 500 mtorr He with 
8 mtorr 02 and 0.3 mtorr CH30H added downstream. The 
fluorescences were observed at 310 ( A )  and 315 (a)  nm. 
The fluorescence from laser photolysis of HO2 was a180 
15 
r ,. . 
plotted for comparison, where H02 was produced by a 
microwave discharge of 3 mtorr H2 in 6 torr He with 60 
mtorr 02 added downstream. 
Fig. 3. Relative rotational population of OH(A, v’=O) derived 
from the synthetic spectra shown in Figs. la (01, lb 
(A), and IC (a ) .  
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